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Abstract 
Living animals are highly motivating for school pupils. Based on the results of studies on the effectiveness of educational 
methods conducted in the field of interest research, we assume that emotional variables also may have a strong impact on 
learning. Positive emotions plays a key-role in the generation of knowledge. Many animal species are suited well for education 
processes, which go beyond mere observation, to experimentation on the basis of a hypothetical-deductive approach but little is 
known about the use of living animals in middle school classrooms. We here focus on knowledge gain, emotional variables 
(interest, well-being, boredom, disgust) and experimentation competency. We developed two treatments with a four-unit 
experimental class series for fifth and sixth grade (treatment series 1 - living animal, treatment series 2 - film group; woodlice, 
mouse and snail) and compared them in a quasi-experimental setup. The treatments differed in the characteristic “living animal”. 
In the film group images and films are used instead of living animals. All other variables have been kept constant. In addition, the 
last unit of both treatments was identical (bird flight) which served as an intra-individual control in addition to the between-
subject comparison. Knowledge and experimental competency have been measured quantitatively with paper-and-pencil tests 
with a pre-, post- and follow-up test. The situational emotional values have been scrutinised at the end of each teaching unit with 
a short scale. In addition, we included a control group that received no treatment at all. The use of living animals in an 
experimentally focused class did not necessarily result in an increased knowledge gain; in fact it was lower in the immediate 
post-test. However, on the long run the differences between the results of the two treatments diminished. Regarding experimental 
competency both approaches have been effective compared to the control group. Positive emotions (well-being, interest) were 
higher in the animal treatment, and boredom was lower. We strongly suggest using living animals in the classroom. 
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1. Introduction 
In this study, we focus on the value and effectiveness of living animals in a middle school classroom. 
Specifically, we look at the gain in knowledge and in experimentation competency, as well as at emotional variables 
such as interest, well-being and boredom. Therefore, we first give a short overview over the theoretical background 
of the study. 
 
* Eberhard Hummel. Tel.: 0049-6221-477-256. 
E-mail address: hummel@ph-heidelberg.de. 
© 2010 Elsevier Ltd. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
3824  Eberhard Hummel and Christoph Randler / Procedia Social and Behavioral Sciences 2 (2010) 3823–3830 
1.1. Theoretical background 
The theoretical background of this study is located within the framework of self-determination theory as 
explicated by Deci & Ryan (1985). These authors identify three basic needs in learning: experiencing competency, 
autonomy and social relatedness. Educational interventions, therefore, should take these basic findings into account. 
We therefore based our two different treatments on these suggestions, and developed two alternative educational 
interventions that both were based onto this theory using hands-on experimental material (Randler & Hulde, 2007).  
1.2. Emotional aspects of learning 
According to Pintrich, Marx and Boyle (1993) learning processes could not barely be defined just as „cold 
cognition“ and additional factors such as cognitive, affective and social variables have to be taken into 
consideration, too. Some psychological studies emphasise the significance of emotions in both learning and 
performance situations. However, until recently, emotions have not been sufficiently attended to in classroom 
instruction in general (Gläser-Zikuda, Fuß, Laukenmann, Metz & Randler, 2005; Randler, 2009), and have been 
rather neglected in research in biology education. Hereby, positive emotions were supposed to positively influence 
learning and achievement processes and negative ones do the contrary (Laukenmann, Bleicher, Fuß, Gläser-Zikuda, 
Mayring & Rhöneck, 2003; Pekrun, Götz, Titz & Perry, 2002). Our study is based on a concept that distinguishes 
between current situational emotions and biographically developed and enduring “trait”- emotions (Randler & 
Bogner, 2007). In the focus of this present study were the situational (“state”) emotions because they could be 
directly linked to the content of the respective educational unit and the respective tests on achievement. The concept 
of “state”- variables means that pupils responded immediately after the respective lessons.  
1.3. Cognitive achievement in animal classes 
In nearly every text book on biology teaching, the worth and value of living animals in the classroom is 
unquestioned, however, this far-reaching conclusions have been only rarely under thorough study and this 
assumption becomes less valid if empirical evidence is required. There is a surprising lack of empirical studies 
currently dealing with the effects of living animals on learning outcomes and most of the published work, especially 
during the 1960ies until the 1980ies is based on a flawed methodological design. Most of these suggestions are 
based on the pioneering work of Düker and Tausch (1957) in the 1950ies. In more recent work, e.g. Morgan (1992) 
found an interaction between the level of involvement (which could be considered as some kind of measure of 
motivation) and learning outcome in a treatment based on snakes. That is, the more direct contact with the snakes 
existed, the lower was the retention and learning outcome. Sherwood, Rallis and Stone (1989) found no differences 
in learning outcome between living insects and preserved specimen during an exhibition at a zoo, but these authors 
revealed differences in affective variables where living animals were assessed as more motivating by the pupils. 
Killermann (1996) reported a higher cognitive achievement when using living animals in secondary school pupils by 
comparing living invertebrates with slide presentation. In primary school pupils, Randler, Ilg and Kern (2005) 
showed a higher learning and retention effect when pupils who participated in lessons about amphibian species also 
encountered these species in a natural setting during migration, while differences in interest, well-being, boredom 
and anxiety did not exist between the indoor and outdoor group. 
1.4. Experimentation competency 
Recently, effort has been put into the measurement of competency, especially with a focus on experimentation 
(Neber & Anton, 2008; Phan, 2008). In particular, the focus lies on the competencies of forming hypotheses, 
planning experiments and analysing data. These competencies were selected because they are crucial to 
experimentation as problem solving, according to the SDDS model (Klahr, 2000; Hammann, Phan, Ehmer & 
Grimm, 2008). 
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2. Materials and Methods 
The study took place in the second half of the school year in 2009. Girls and boys from middle schools 
participated in this study. Pupils were 5th and 6th graders. The German school system in Baden-Württemberg 
separates pupils at the end of the 4th grade into three different stratifications according to their cognitive abilities. In 
our study, pupils from the highest stratification (in German “Gymnasium”), and from the middle stratification (in 
German “Realschule”) participated in this study.   
2.1. Treatments 
We developed four different treatments aimed at enhancing experimentation competency and cognitive 
achievement. Treatment 1-3 (mouse, woodlice, and snail) differed between the treatment groups while the fourth 
treatment was identical (Figure 1). Therefore, it served as a kind of internal control to assess whether both treatment 
groups are indeed comparable. The fourth unit had no influence on the experimentation competency measure and 
the post- and follow-up test (see Procedure for details). In all treatments, pupils worked together in groups of 3-4 
and made observations on their own. Therefore, a detailed booklet was developed guiding the pupils through their 
learning process. In the living animal treatment, pupils carried out all experiments on their own, while in the film 
treatment, the pupils watched a film especially designed for this unit. For example, in the mouse treatment, pupils 
observe a house mouse (Mus musculus f. domesticus) in an open field test. There are three jobs to do: one pupil is 
keeping the time, another one is observing the mouse and every five seconds reports the exact position on the field, 
while the third pupil notes the results on a sheet. After some time, the positions are changes so that every pupil 
experiences all of the three jobs. The difference between the treatments is simply the presence of a mouse. In the 
living animal treatment, the pupils observe the living mouse, in the film treatment, the pupils observe a mouse on a 
film (without any commentaries), so the situation is nearly identical and the pedagogical preconditions (group-
based, hands-on work) are similar. We feel that is a rather strict experimental approach reaching farther beyond 
most previous approaches tackling this question. The fourth unit is concerned with bird flight and contains hands-on 
experiments. We have included this fourth unit, because we suppose that both treatment groups should score equally 
to the identical educational treatment (bird flight), which, in turn, provides evidence for the fact that both treatment 
groups are comparable.  
To minimize their influence, the teachers got detailed instructions for the implementation of each lesson. In 
addition, the students got a multi-page workbook for each unit to ensure an additional and largely self-directed 
process. The workbooks are nearly the same in both groups (experimental and control), and differed only in the 
instructions for the experimental procedure. Everything else was equal: the instructions for 
 
a) the identification phase of the hypotheses, for the experimental planning 
b) the analysis and interpretation of data 
c) general guidance on the conduct of an experiment (e.g., control of variables, varying one factor, the role 
of an control-experiment) 
d) the observation of animal’s external features, which were performed in advance of the experiment to 
accustom the students to the animals and to show how they have to deal with them. 
 
The initial problems (inquiry-based of each lesson) were illustrated on slides, which were identical in both groups, 
too.  
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Fig. 1. Overview over the experimentation procedure, the measurements, and the treatment and control groups. 
 
2.2. Measurements 
We used a battery of tests to assess the different constructs of our work (Figure 1). Experimentation competency 
was measured using a paper and pencil test. Cognitive achievement was measured using a pre-/post-test and follow-
up test design, also based on paper-pencil-tests. Situational emotions were assessed immediately after the respective 
treatment units. Here, we used a short form of the constructs interest, well-being, and boredom (Randler, 2009), and 
a one-item measure of disgust.  
2.3. Procedure 
Treatments were distributed at random, i.e. one class started with woodlice, another with snails, and the third 
with the mouse unit. Every week, one treatment was applied. The bird flight unit was always used as fourth unit 
because it served as some kind of control. This balanced design ensures that there are no order effects of the 
treatments. Experimentation competency and pre-test were carried out before the educational unit started in all three 
treatment groups (control group, living animal group, film group). After every unit (mouse, woodlice, snail, bird 
flight), we assessed the situational emotions and after one day up to one week, we assessed the cognitive 
achievement in the treatment groups. In the control group, post-tests were combined because the pupils received not 
educational intervention. The termination of the post-test reflected the fourth treatment post-test. After the three first 
treatments (which were randomized to achieve a balanced design), and before the bird flight unit started, we again 
assessed experimentation competency in both treatments. The follow-up test was written with a delay of six to eight 
weeks in both treatment groups. 
2.4. Statistical analyses 
We used a series of general linear models (GLM) to calculate the effects of gender and treatment (and the 
interaction term between both) by using prior knowledge as a covariate to account for individual differences in prior 
knowledge. The calculations were carried out in different ways: first, we compared the treatment group (film/living 
animals) versus our control group, and second, we compared both treatments (film vs. living animals) with each 
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other. Experimentation competency was compared without any transformation of the data, while the cognitive 
achievement tests were z-scored to account for differences in the respective tests. We assessed knowledge by 
immediate post-tests in the four units, woodlice, snail, mouse and bird flight. Each of these four immediate post-
tests was z-transformed to achieve a mean of 0 and a standard deviation of 1. Afterwards, the post-test scores of 
woodlice, snail and mouse were added to get an overall post-test score with an equal weighting of every unit. In the 
follow-up test, the procedure was similar. The bird flight unit was compared separately because it was identical in 
both treatments to serve as some kind of control. 
3. Results 
First, we found differences between the treatment and the control group in experimentation competency, 
suggesting that both treatments (living animals/film) increased the competency (see Figure 2). Pre-treatment 
experimental competency had an expected significant influence on post-treatment experimental competency 
(F1,460=87.574, p<0.001, partial Ș2=0.16). Gender also revealed a significant influence with girls achieving a higher 
experimental competency (F=1,460=17.609, p<0.001, partial Ș2=0.03). Finally, treatment vs. control showed a 
significant influence (F1,460=30.716, p<0.001, partial Ș2=0.06). However, there were no differences between the two 
treatments, i.e. living animals as well as films both could be used to increase experimentation competency. 
Figure 2. Comparison of experimentation competency of both treatments with the control group, estimated marginal means from a GLM using 
pre-experimentation competency as co-variate. 
 
Second, there was a significant difference and a high effect size of this difference when comparing cognitive 
achievement between the treatments and the control group. The pupils acquired a substantial knowledge in the post-
test compared to a group without treatment. Pre-treatment knowledge had an expected significant influence on post-
treatment knowledge (F1,486=72.538, p<0.001, partial Ș2=0.13). Treatment vs. control also showed a significant 
influence with a high effect size (F1,486=797.893, p<0.001, partial Ș2=0.62).  
However, there was a significant difference between both treatments and a gender effect based on a multivariate 
GLM. Thus, the film group acquired a significantly higher knowledge than the group with living animals (Wilk’s 
Ȝ=0.942, F=10.76, p<0.001, partial Ș2=0.05). Further, girls seem to learn better than boys (gender: Wilk’s Ȝ =0.959, 
F=7.524, p=0.001, partial Ș2=0.04), while the interaction was not significant. As expected, the pre-test scores also 
had a significant influence (Wilk’s Ȝ =0.850, F=30.645, p<0.001, partial Ș2=0.15). Table 1 depicts the subsequent 
univariate GLMs (see also Figure 3). The difference between the treatments was lower in retention test, as was the 
effect size (see Table 1). 
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Figure 3. Comparison of the cognitive achievement in both treatments. 
 
In detail, there were no differences between both treatments in the woodlice group, but pupils performed better in 
the film group, both in the unit snails (Wilks’ Ȝ =0.974, F=4.451, p=0.012, Ș2==0.02) and mouse (Wilks’ Ȝ =0.958, 
F=7.420a, p=0.001, Ș2=0.04). As expected, both groups scored equally in the bird flight unit (Wilk’s Ȝ = 0.997, 
F=0.441, p=0.644, Ș2=0.00), which was similar in both treatments, and, therefore, shows that both treatment groups 
are comparable. 
Third, we found differences in the emotional variables interest, well-being and boredom (Figure 4). Pupils in the 
living animal treatment scored interest and well-being significantly higher and boredom significantly lower than 
pupils from the film treatment. 
Fourth, we found negative correlations between boredom and disgust and the cognitive achievement tests. Pupils 
experiencing higher boredom and higher disgust scored significantly lower in the post-test and the follow-up test 
(boredom and post-test r=-0.100, p=0.047; boredom and follow-up test: r=-0.115 p=0.028; disgust and post-test r=-
0.103, p=0.043; disgust and follow-up test: r=-0.111, p=0.033). 
 
Table 1. Univariate GLMs using post-test or follow-up test as dependent variable, gender, treatment as fixed factors, and pre-test scores as co-
variate. 
 
Source of variation 
 
Dependent 
variable 
Type III sum of 
squares df 
Mean of 
squares F P Partial Ș2 
Posttest 33.330a 4 8.332 23.191 .000 .210Corrected Model 
Follow-up 20.281b 4 5.070 12.544 .000 .126
Posttest .266 1 .266 .740 .390 .002Konstanter Term 
Follow-up .077 1 .077 .191 .663 .001
Posttest 21.524 1 21.524 59.904 .000 .146Pretest 
Follow-up 9.728 1 9.728 24.068 .000 .065
Posttest 2.789 1 2.789 7.762 .006 .022Gender 
Follow-up 5.621 1 5.621 13.908 .000 .038
Posttest 7.738 1 7.738 21.536 .000 .058Treatment (film vs. living animals) 
Follow-up 1.780 1 1.780 4.403 .037 .012
Posttest 1.159 1 1.159 3.227 .073 .009Interaction gender * treatment 
Follow-up 1.772 1 1.772 4.384 .037 .012
Error Posttest 125.397 349 .359    
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 Follow-up 141.061 349 .404    
Posttest 158.800 354     Total 
Follow-up 161.416 354     
Posttest 158.727 353     Corrected total variation 
Follow-up 161.342 353     
a. R2 = .210 (corrected R2= .201)     
b. R2 = .126 (corrected R2 = .116)     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Comparison of two different treatments in emotional variables. *p<0.05, **p<0.01, ***p<0.001. Scale from 0 – 4. 
4. Discussion 
The results of our study are encouraging since they show that the use of living animals in the classroom is of 
benefit for the pupils. The experimental treatments both enhanced the experimentation competency, a fact, that has 
been rarely demonstrated in any other study in biological education. In fact, we are currently only at the start of 
measuring competencies in field studies (see, e. g. Hammann et al., 2008). Therefore it is necessary to develop these 
measurement instruments further. Nevertheless, our results are encouraging since they show that it is possible to 
increase experimentation competency at all, albeit effect sizes were low. As we used a control group filling in the 
same questionnaires, and this group scored lower, we can assure that the increase in experimentation competency is 
not an artifact or a result of repeated testing but a significant treatment effect. As both treatments produced a similar 
effect in experimentation competency, we concluded that both educational treatments are equally suited for lessons 
with the aim to increase this competency. 
Cognitive achievement, however, was better in the film treatment, suggesting that some factors may detract 
pupils from learning. In the end, however, the difference between both treatment groups diminished. Pupils may be 
irrigated by the living animals that may evoke disgust (in a negative manner) or interest in a positive manner. Also, 
handling animals might be more difficult than just watching videos. This could be – at least partially – be explained 
by the cognitive load theory (Sweller, van Merrienboer & Paas, 1998). Pupils in the treatment with living animals 
were confronted with new learning objects (animals) and they are not prepared to this new task, which, in turn, has 
an effect on learning and retention. So it might be easier for pupils to focus on the tasks in the film group. 
Nevertheless, we used the same educational methods (group-based learning) in both treatments, and both groups had 
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to work on their own, and both did the same kind of analyses using similar working sheets. Therefore, the 
differences should be clearly ascribed to the variable living animals.  
Our study has some strength that should be emphasized: First, we used an additional intra-individual control 
group, the bird flight treatment that was similar in both treatment groups. As both treatment groups achieved similar 
cognitive scores and scored the emotions also similar, we concluded that there were no differences between both 
treatment groups. Of course, the person of the teacher may have an significant influence on learning and retention, 
we can exclude such effects because of the high sample size. Also, Randler and Bogner (2008, 2009) showed that 
typical treatment-control group comparisons with different teachers might as good as related groups based on a 
similar teacher. Second, we used a sophisticated design to account for order effects. Assume, for example, that one 
of the three specific treatments would be best to be placed at the beginning or the end of the intervention; this might 
have caused all the effects. As we did not find any order effects in our treatments, we can exclude these effects.  
5. Conclusion 
The results of this study are encouraging in different ways. First, we found no differences in experimentation 
competency between both treatments, clearly suggesting that living animals can be used in such educational units 
because they evoke positive emotions. Further, living animals show a positive emotional effect. Although the 
cognitive achievement was lower in the living animal group, we suggest that a reduction in cognitive content should 
be taken as an advantage to use animals in the classroom. 
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